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Larssen Piling, newly-driven, during the extension of the West Jetty at the Scotstoun 
(Clyde) shipyard of Messrs. Yarrow & Co. Ltd. The Larssen Piling in the foreground, driven 
about 35 years before the picture was taken, was found to be in first-class condition and 
showed no sign of deterioration. Consulting Engineers: Kyle & Frew. Contractors: Melville 
Dundas & Whitson Ltd. 
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LARSSEN STEEL SHEET PILING. 


Larssen Steel Piling is designed on sound engineering principles. 
It provides the maximum in strength and durability at the lowest 
possible weight consistent with good driving qualities. 

U-shaped in section, the piles have their greatest thicknesses 
concentrated at the maximum distance from the neutral 
axis, thus giving a high modulus of resistance. 

Whilst two of the’sections (Nos 1U and I0A), intended 
primarily for use in cut-off walls and shallow retaining walls where 
stresses are not severe, have uniform thickness throughout, 
the remainder have a greater thickness in the web, with 
the interlocks located on the neutral axis where stresses are least. 
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For the construction of Bluff Harbour, New Zealand, South Durham were privileged to 
supply over 7,100 tons of Larssen Piling to: The Societe Nationale de Travaux Publics; 
Societe Francaise d’Entreprises de Dragages et de Travaux Publics; Compagnie Belge de 
Chemins de Fer et d’Entreprises; Etudes et Entreprises. 


The design of the interlocks makes for ease of pitching and 
driving and gives a series of closely-fitting joints 
the friction in which, combined with pile-to-ground friction, 
precludes the possibility of the piles sliding in relation 


to one another. 


WATER-TIGHTNESS AND DURABILITY. 


For the construction of quays, wharves, river frontages, dock 
and harbour works, cofferdams, permanent foundations, 
land reclamation installations and sea defence works, 
Larssen Steel Piling is the ideal civil engineering material. 

It is particularly valuable in water-logged ground conditions. 


When seepage occurs, the solid particles in suspension 


immediately begin to form an effective seal in the interlocks thereby 


giving an exceptionally high degree of water-tightness. 

Larssen Steel Piling offers a very high resistance to corrosion. 
The Sea Action Committee of the Institution of Civil 
Engineers has established, after 15-year tests, that the average 
annual corrosion rate on steel to B.S. 15 is -002 inches in fresh 
water and -003 inches in sea water. This resistance factor 
can be considerably increased if the piling is rolled from either 
copper-bearing steel or high-tensile rust-resisting steel, 


each of which the Company manufactures (see pages 50 and 51). 


* On right (above): 
Larssen 4B Piling forming a continuous girdle to the foundation area for Dungeness Nuclear 
Power Station where it provided an effective barrier to the free flow of ground water. 
Engineers and Contractors: Sir Robert McAlpine & Sons Ltd. 


On right (below): 
Larssen Piling Cofferdam for pier construction at Thelwall Bridge where the Preston to 
Manchester Motorway crosses the Manchester Ship Canal and the River Mersey. Engineer: 
James Drake, B.Sc., M.I.C.E., M.I.Mun.E.,F.I.H.E., Lancashire County Surveyor and Bridge- 
master. Contractors: L. Fairclough Ltd. 
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Above: Water Intake cofferdam of Larssen piling, No. 3 Section, during extensions for the 
South Eastern Gas Board at East Greenwich. Engineers: The Central Construction Depart- 
ment, South Eastern Gas Board. Contractors: The Demolition & Construction Co. Ltd. 


Below: Raked Barrier Wall and Inlet and Outlet Shafts of Larssen Piling at Bradwell 
Nuclear Power Station, Essex. Supporting piles shown on right were removed on completion 
of shaft construction. Engineers and Contractors: Sir Robert McAlpine & Sons Ltd. 
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Larssen piling dock construction during the extension of fitting-out facilities for Yarrow 
& Co. Ltd., Scotstoun, Glasgow. Consulting Engineers: Kyle & Frew. Contractors: Melville, 
Dundas & Whitson Ltd. 


ECONOMY. 


An extensive range of sections in widely differing sizes and 
weights, as shown in the table on page 15 enables the 
most economical choice to be made to suit the nature and 
requirements of any given contract. If occasion demands, the 
range can be extended subject to tonnage inducement being 


adequate. 


The ease with which Larssen Steel Piling can be driven, even in 
difficult ground, reduces working time to a minimum. In 
addition, where piling, having fulfilled its purpose as a protection 
for permanent construction, is required to be withdrawn 


for re-use, it can be easily extracted without distortion. 


Temporary cut-off wall of Larssen piling covering dock gate construction at Portishead, 
Somerset, showing Larssen box piles in use as struts. Consulting Engineer: T. L. Martin, 
M.I.C.E., Chief Engineer, Port of Bristol Authority. Contractors: John Laing & Son Ltd. 
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z Larssen piling forming circular foundations for Gasholder for the North Thames Gas Board 
8 | at Rayleigh, Essex. Contractors: W. & C. French Ltd. . Ly. ei ee a 


im, MANUFACTURE. 

gy In the United Kingdom, Larssen piling is manufactured 

= solely by the South Durham Steel and Iron Company Limited at 

A their Cargo Fleet steel works at Middlesbrough in the North 

a Riding of Yorkshire. Whilst regular rollings are designed to 

ai ensure an adequate supply of the material it is always 

A advantageous if customers can notify their requirements as 

a far as possible in advance so that forward rolling programmes 
can be suitably arranged. 

By 
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TECHNICAL ADVICE AND ASSISTANCE. 


Whilst the principles governing the use of the various Larssen 
sections are well known, the nature of the work to be undertaken 
and the character of the ground have important bearings on the 


choice of section and the design of the proposed piling structure. 


To ensure economy in the use of materials while maintaining the 
margin of safety which is essential in all civil engineering 
operations, skill based on sound engineering practice should 


be employed. 


To assist engineers and contractors engaged in the development 
of projects involving the use of Larssen piling, the South Durham 
Steel and Iron Company Limited maintains a permanent staff of 
designers for consultation and the design of Larssen piling 


structures. 


This design and technical staff is attached to the South 
Durham Constructional Department which has its headquarters at 
the Malleable Works at Stockton-on-Tees. Initial contact should 
however be made through the Company's Central Sales Office at 


Cargo Fleet Iron Works, Middlesbrough. 
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QUALITIES OF STEEL. 


Larssen piling is rolled from steel manufactured by the 
Siemens-Martin Open-Hearth process and is obtainable in the 
following grades: 


Minimum Elongation 
‘on 8 inches 
Ultimate Yield 
Strength Stress 
Quality tons/ tons) Sections Sections 
sq.inch sq. inch 3” thick under 
and over 3” thick 


Steel to B.S. 15 aes aes «28/33 «(16* | 

“ Carfleco-Noncorr ” copper-bearing | 20% 16% 

steel (with 0-25-0-35% of copper to 2, © 

increase rust resistance) fe 28/33 16* 

Steel to B.S, 24, Part 6, 1957 (Section 

2, Grade 621) 28/33 _ 20% 20% 

Medium tensile steele oes + 33/38 20¢ 20% 16% 

“ Atlantes "’ high ‘encile rust restselng 

steel... ; ‘i : 37/43 23 18% 14% 

* In the case of Larssen Sections 5 and 6, the Yield Stress is 15 tons per 
sq. inch. 

+ In the case of Larssen Sections 5 and 6, the Yield Stress is 19 tons per 
sq. inch. 


RECOMMENDED WORKING STRESSES IN TONS PER SQ. INCH. 


Medium tensile steel 


Mild Ll 

Class of work Steel tensile 

Up to 4B Over 4B steel 

Permanent ... a ae 8-0 10-5 10-0 11-0 
Temporary ... was ve 10-0 13-0 12-0 14-0 


PROTECTION. 

Piles intended for permanent work should be coated with 
tar to B.S. 1070-1956, Type 2. before driving and the coating 
renewed on exposed parts of the piling from time to time. 

Other coatings to customers’ special requirements 
by arrangement. 


ROLLING MARGINS. 
Rolling margins as follows are required: 
4°, over and 24°, under theoretical weight. 
3” over and 2” wader on length. 
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PROPERTIES OF SINGLE PILES. 


x-— 

Dimension Moment Section 

Section Area A of inertia Modulus 

No. Square inches inches inches! inches* 
lA 6-65 1-06 9-14 4.15 
*1B 7:07 1-43 17-68 6:34 
| GB 7-14 1-02 9-83 4:39 
1U 8-39 1-0 10-36 4:73 
2 9-64 1-61 29-32 9-45 
2B 9-23 2:38 51-54 13-54 
3 12-25 1-82 48-01 12-41 
3B 12-26 2-4 82-16 18-93 
4A 14-63 2:98 135-19 24-77 
4B 16-68 27 111-35 22-20 
5 19-76 2-4 137-19 25-81 
6 24-07 3-5 291-86 45-9] 
1OA 11-88 2-07 25-91 11-61 


* Not yet available. 
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LARSSEN CORNER AND JUNCTION PILES 
GENERAL NOTES 


CORNER PILES. 
Standard Larssen Corner Piles are of three main types :— 


Type (a) Bent on centre line of pile. 


Type (b) Cut longitudinally and the two portions riveted to an 
angle or bent plate. Generally the cut is made 
down the centre of the pile so that one complete 
pile is used per riveted corner, but in the case of closed 
corners for pile 6, the cuts are made to suit the 
dimensions shown for 90 corner piles and more than one pile 


is needed per corner. 


Type (c) Cut longitudinally, bent. and the two portions riveted 
together (Type 5A). Generally this type is made of 
one pile cut down the centre, but in the case of pile 
4A more than one pile is needed per corner where 


the required angle is between 70 and 90. 


JUNCTION PILES. 


Standard Larssen Junction Piles normally consist of an 
ordinary pile with a half pile secured to its web by means of an 


angle riveted along the centre of the web of the whole pile. 


In the case of Types | and IA for piles 4A and 6 it is 
necessary to use two piles per junction as shown in order that 


the two lines of piling clear each other. 


SPECIAL CORNERS AND JUNCTIONS to particular dimensions 


can be supplied if necessary. 
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4-ARSSEN STEEL SHEET PILING. 90° CORNER PILES 
~ CLOSED CORNERS BEERS ED CORNERS OPEN CORNERS 
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= 2e2 sage te 2 <g2 ale Ta) 
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INDEX 


No. 


4A 


4B 
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LARSSEN STEEL SHEET PILING 


OBTUSE & ACUTE CORNER PILES 


TYPE 7 TYPE 8 


— Min. L 60° 
— Min. L 80° 
—_— Min. L 60° 
— Min. L 60° 
— Min. L 80° 
— Min. L 100° 
— Min. L 91° 


— Min. L 100° 


LII5°to 134° Min. L 135° 
Joint Plates 
2-2” Thick 


LI10°to 134° Min. L 135° 
Joint Plates 
2-3” Thick 


L110°to 159° Min. L 160° 
Joint Plates 
+" Thick 


L125°to 159° Min. L 160° 
Joint Plates 
2’ Thick 


Max. 
Max. 


Max. 


Max. 


Max. 


Max. 


Max. 


Max. 


Max. 


Max. 


Max. 


TYPE 5A 


L 29° 
L 29° 
L 29° 


L 29° 


L 29° 


L 29° 


L 89° 


. L Bg 


. L 90° 


. L 90° 


. L 40° 


Max. L 40° 


Min. 


Min. 


Min. 


Min. 


Min. 


Min. 


Min. 


Min. 


Min. 


Min. 


Min. 


TYPE 8A 


L 30° 


L 30° 


L 30° 


L 30° 


L 30° 


L 30° 


Lge 


Lge 


. L 135° 


L 135° 


L 160° 


L 160° 


TYPE 7A 


L 91° to 134° 
Joint Plates 
2-3” Thick 


L 91° to 134° 
Joint Plates 
2-2’ Thick 


L 80° to 159° 
Joint Plates 
2’ Thick 


L 80° to 159° 
Joint Plates 
2+’ Thick 


FOR LARSSEN Nos. 5 & 6 WITH ANGLE L 4I° TO 79° 


Type 5 Corner 
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Joint Plates 4” Thick 
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LARSSEN STEEL SHEET PILING. JUNCTION PILES 
TYPE! TYPE3 TYPE! TYPE3 
(IA OPPOSITE HAND) (BA OPPOSITE HAND) (IA OPPOSITE HAND) (3A OPPOSITE HAND) 
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RETAINING | ESTIMATES 
AND ORDERS 
WALLS COFFERDAMS 


BEAKING 
PILES 


AND TABLES 
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CLOSED CORNER 


TYPE 8 


LARSSEN STEEL SHEET PILING 


SECTION I0A 


90° CORNER PILES 


TYPE 4 (4A OPPOSITE HAND) 


REVERSED CORNERS 


134” —» 


OPEN CORNER 


OBTUSE & ACUTE CORNER PILES 


JUNCTION PILES 


TYPE | (1A OPPOSITE HAND) 
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TYPE 3 (3A OPPOSITE HAND) 
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TAPERED PILES. 


When a long stretch of piling is being 
driven and, due to unusual site 
conditions, an uneven creep has 
occurred so that the piles are slightly 
out of plumb, the introduction of 
one or more tapered piles gives 

the required correction. 

Tapered piles can be supplied to 
any required dimensions which are not 
less than Dimension A, or more than 
Dimension B given for the Standard 
Tapered Pile in the table below. 

The Standard Tapered Pile is 
manufactured to give the maximum 
slope that can be achieved without 
the introduction of a tapered jointing 
plate. (Note: For Section 10A it is 
necessary to introduce a tapered 


jointing plate). 


DIMENSIONS—STANDARD TAPERED PILES 


Section 


Dimension A Dimension B_ Rivets-Dia. 


1A, 1B, | GB, 1 U, 2, 


2B, 3, 3B and 4A 


4B, 5 and 6 


83” 172” 2 
935" 1844" 3 


The pitch of rivets is in accordance with the notes regarding rivet 
pitches for all fabricated piles as shown on page 43. 
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FISHPLATES. 


Whilst Larssen Piling can be rolled in lengths up to 
about 100 ft., handling facilities do not always permit the 
use of such long lengths. In these cases and where it is necessary 
to increase the pile length during driving, fishplated joints can 


be used. 


Particulars of standard fishplated joints for Larssen sheet 


piles and Larssen Box Piles are available on application. 


SLUICE GATES. 


Hand operated sluice gates are available for use in Larssen 
Steel Sheet Walls. 


These are of two types, either handwheel or ratchet lever 


operated, details of which will be forwarded on request. 


UNDER WATER—CUTTING AND WELDING. 


Larssen piling can be comparatively easily cut or 
electrically welded under water, a process which in many cases 


is preferable to fishplating. 


A number of firms specialise in this class of work and are 
prepared either to hire the necessary equipment or provide an 


equipped diver to carry out the job. 


In good conditions, given easy access in clear water with 
good visibility and in the absence of severe currents, piles can 
be cut or welded under water at any depth for which they are 


normally used, almost as quickly and easily as on the surface. 
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LARSSEN BOX PILES. 


CONSTRUCTION. = Larssen box piles are constructed by 


welding two ordinary Larssen sheet piles at suitable intervals 


along the interlocks. 


Box piles can be constructed from any of the sections 


but those from No. 2 upwards are the ones in most common use. 


CARRYING CAPACITY. In comparison with timber or 
concrete piles, provided that the ground is capable of developing 
a correspondingly high bearing resistance. Larssen box piles 


have a very large carrying capacity. 


DRIVING. In general practice, Larssen box piles are 
driven open ended. Suitable shoes can be fitted either to 
pierce a harder stratum, or to develop the necessary bearing 


resistance. 


Larssen box piles can be driven into very compact ground 
or soft rock and through, or into, hard strata without risk of 
damage. Soil displacement, particularly undesirable where soft 
clays are concerned, is normally entirely eliminated when 


open-end driving is employed. 


Driving costs in relation to Larssen box piles can be 
expected to be appreciably lower than for timber or concrete piles 


as the required bearing capacity can usually be developed with 
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Larssen Steel Sheet Piling—Box Piles (continued) 


a pile hammer of moderate size. This frequently renders the 
use of a pile frame unnecessary and enables the hammer to be 


used suspended from a crane. 


DURABILITY AND ADAPTABILITY. 


Larssen box piles are more durable than timber piles. 
They can be easily introduced into a line of sheet piling if 


vertical loads require to be supported. 


If it is necessary to make a site splice due to the use of a 
piling frame of moderate height or under special working 
conditions demanding driving in short lengths, Larssen box 


piles can be spliced with the minimum loss of time. 


Larssen box piles stand up well to hard usage and do not 
require special care in handling. They are particularly suited 
to withstand handling and driving stresses when long lengths 


are being driven. 


Larssen box piles are also very valuable in resisting 
surface bending stresses from horizontal forces. As columns, 
where a considerable length of pile is exposed above ground level, 
as for instance in dolphins, their rigidity and resistance to 
buckling are important advantages. 
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DURABILITY OF LARSSEN PILING STRUCTURES. 


Deterioration of exposed steel structures in such parts 
as are inaccessible for painting and maintenance is inevitable 


in some degree. 


During recent years many tests and investigations have 
been carried out all over the world to determine the resistance 
of Larssen piling to corrosion. Results of the series of 
15-year tests carried out by the Sea Action Committee of the 
Institution of Civil Engineers, combined with the recorded 
results of examinations of piling structures which have been 

in use for periods up to 50 years and more, indicate that the 


useful life of a Larssen piling structure under normal conditions 


can be estimated on the basis of an average annual corrosion rate 


of 0-003 inches per year in sea water and 0-002 inches per year 


in fresh water. 


The table on the adjoining page showing the effective life 
of the various Larssen sections is based on these figures which 
apply to steel to British Standard No. 15. The life 


of Larssen sections is of course considerably lengthened 


when the piles are rolled from either “* Carfleco-Noncorr ” copper- 


bearing steel or “ Atlantes ” high tensile rust-resisting steel. 
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EFFECTIVE LIFE OF LARSSEN SECTIONS. 


Original Thickness Final Thickness Effective Life 

Section in inches Permissible in inches in years 

No. loss 
in inches 

Web Legs Web Legs Sea Fresh 
Water Water 
IA... 0-28 0-23 0-13 0-15 0-10 45 65 
IB... 0-28 0-25 0-13 O15 0-12 45 65 
IGB... 0-32 0-23 0-13 0-19 0-10 45 65 
*IU ... 0°375 0-375 0-19 0:19 0-19 60 95 
0-25 0:12 0-12 85 «125 

2... 0-41 0-31 0-21 0-20 0-10 70 ~=—-:105 
2B... 0:34 0-28 0-13 0-21 0-15 45 65 
3) 75. (0:55 0-35 0-24 0-31 «(O-11 80 120 
3B... 0°53 0-35 0-24 0-29 O-ll 80 120 
4A... 0-62 0-37 0-24 0-38 = 0-13 80 120 
4B... 0-63 0-43 0-30 0-33 0-13 100-150 
5): | (0:87) 0-47 0-33 0-54 0-14 110 165 
6... 0:87 0-55 0-33 0-54 0-22 110 165 
*I0A... 0-50 0-50 0-25 0-25 0-25 €5 125 
0-38 0-12 0-12 125 190 

2/10A 0-41 0-31/ 0-21 0-20 0-10 70 ~=—*105 

0-50 0-50 


* Sections No. IU and 10A are provided with a uniform thickness and, when 
subjected to small stresses, it is permissible to increase the loss of thickness and 


the effective life to the figures shown in italics. 
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ESTIMATES AND ORDERS. 


When ordering or estimating for Larssen piling the tables on 
pages 17-21 should be used to determine the number of piles required 


to cover a specified length. 


If corners or junctions are involved, reference should be made 
to pages 36 and 37 which show typical arrangements, to 
pages 38-42 which show the various types of standard corners 
and junctions and to the table of weights of standard 90° 
corners and junctions on page 43. Should difficulty be 
experienced in arriving at the dimensions required it is advisable 
to forward all information to the manufacturers so that drawings 
may be prepared. In cases of this nature the information to be 
sent should be as complete as possible and, when quoting the 
dimensions of a cofferdam, the sizes given will be taken to be the 
clear dimension between the piling unless otherwise specified 


(see examples on pages 53, 54 and 55). 


The tables on pages 22-35 give the weight in tons per square foot 
applicable to the various sections of Larssen piling (one ton 


2,240 Ibs.). 


The maximum length of any pile is largely dependent on the 
depth of penetration, the type of ground into which it is to be 


driven and the conditions of construction. 
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Larssen Steel Sheet Piling—Estimates and Orders (continued) 


Any project which appears to call for special treatment 
should be referred to the Manufacturers’ technical staff, who 


will be pleased to advise. 


i) 


17 piles + 2 half piles + 1} 


17 piles x 
OPEN OPEN 
CORNER 


B 


az" 


(Inside dimension) 


‘ 


EXAMPLE No. | 


39 piles 
52' 74° (Inside dimension) 


39 piles + 2 half piles + If 


OPEN 
CORNER 
OPEN 
CORNER 


EXAMPLE 1. 


ey: A cofferdam is required of minimum dimensions 23’ 0” by 
52’ 0" the piles being 35’ 0” long. 


Using Larssen pile section 2. 
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Larssen Steel Sheet Piling—Estimates and Orders (continued) 


SHORT SIDE. 
The table on page 17 shows that 18 piles cover 23’ 74”, 


ie. 17 piles and 2 half piles. 


LONG SIDE. 
The table on page 17 shows that 40 piles cover 52’ 6”, 


i.e. 39 piles and 2 half piles. 


The number of plain piles in each side being ** odd ” all corners will 


be similar, i.e. Open Type which adds 13” to the above lengths. 


The inside dimensions are therefore 23’ 83” « 52’ 74". 


EXAMPLE 2. 

A cofferdam similar to that in Example | but with minimum 
dimensions of 53’ 0” x 24’ 0”, using Larssen pile section No. 2 
as before. From the table on page 17, 41 piles cover 53’ 10”, 
i.e. 40 piles and 2 half piles and 19 piles cover 24’ 114”, i.e. 


18 piles and 2 half piles. 


The number of piles in each side being even, corners will be 


of two types, closed and open. 
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Larssen Steel Sheet Piling—Estimates and Orders (continued) 


CLOSED 


40 piler + 2 half piles + 1 


CORNER 
Me 


ry 


8 piles + 2 ball piles + 1p 


53’ 31° (Inside dimension) 


EXAMPLE No. 2 


| 
| 


| 


24° 5 (Inside dimension) 


7 


OPEN 
CORNER 


LONG SIDE. 

40 piles (from table) = 
Closed Corner = 
Open Corner = 


SHORT SIDE. 

18 piles (from table) -= 
Closed Corner 
Open Corner = 


Less" = 


40 piles 
As a check: 
52’ 63” 40 piles = 
8y" 2 half piles == 
Sy" 2 bends = 
53’ 113” 
Less ‘“*h” = 7x" Less (h-d) = 
53’ 33” 
As a check: 
23’ =74" 18 piles = 
= 8y’— 2half piles == 
84” 2 bends = 
25’ 03” 
7¥ Less (h-d) = 
24" =(5" 


The inside dimensions are therefore 53’ 33” < 24’ 5”. 
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Larssen Steel Sheet Piling—Estimates and Orders (continued) 
NOTE. 
The values of “h” and ‘‘ d” are given in the table * Weights 


and Properties of Sections” on page 15. 


In cases where the required size calls for an even number 
of plain piles for one side and an odd number of plain piles 
for the other side, standard corners of Type 4 or 4A will be 
necessary for two corners and closed or open types for the 


other two corners. 


CROSS WALLS. 

Where a cross wall between two parallel lines of piling 
is required, standard junctions, as shown on page 40, can be 
used if the number of plain piles in the cross wall is odd, 
but if the number of plain piles in the cross wall is even, 
special eccentric junctions must be used so that the centre 
line of the cross wall piling is opposite the middle of the 


piles in the main wall. 


Note that the piles in the main walls should be spaced to suit 


the conditions appertaining to the cross wall. 
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COFFERDAMS. 


Symbols used in diagrams and formulae: 


Ww Weight of | cu. ft. of water: 64 Ibs. sea water 
62-4 Ibs. fresh water 

D- = Total head of water 

d = Depth of top waling to second waling in feet 

Miu Maximum Bending Moment in waling 

Zu Section Modulus of waling 

Mp Maximum Bending Moment in piling 

Zp = Section Modulus of piling 

P= Penetration into sub-soil 


All calculations are based on one foot width of piling. 


Larssen Piling is particularly suitable for the construction of 
cofferdams, as, due to the watertightness of the joints, little 
seepage occurs. A cofferdam may be formed with or without 
walings (or bracing). Walings should only be omitted when the 
cofferdam is shallow, as in this condition, the piling acts as a 
cantilever and the bending moment increases rapidly with the 
height. A deep cofferdam has its walls supported by several 
levels of walings. It is convenient to vary the spacing 
between waling levels so that the load at each level will be 
approximately equal and as the pressure increases towards 
the bottom of the cofferdam, it follows that the centres of the 
walings will decrease. 
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Larssen Steel Sheet Piling—Cofferdams (continued) 


Piling is designed as a simply supported beam between waling 
(or bracing) levels and if these are arranged as previously 
suggested, the maximum bending moment will occur over the 
longest space which is between the top and second levels. To 
obtain the most economical piling section, calculations should 


be made on the loading between these waling levels. 


Load on pile (per foot width) = wd? Ibs. 
2 
Maximum Bending Moment = wd* tons inches 
(Mp) 2910 


assuming triangular loading on a simply supported beam. 


The diagram opposite indicates the levels at which walings 


should be placed to achieve approximately equal loading on each. 


The top level of waling should always be placed at, or near to, 
the surface of the water. 

As previously stated, piling is designed as a simply supported 
beam between waling levels. It follows that the maximum 
bending moment (Mp) = fZp. Assuming a safe stress on piling 
of 74 tons per square inch, the maximum length for d (Ist to 2nd 
waling) = \/341Zp for sea water. 

For other stresses in piling, adjust the figure 341 in direct 
proportion to the stress chosen in place of the assumed stress 
of 74 tons per square inch. 

The loading on walings is calculated on the assumption that 
the piling distributes pressure in the manner of simply supported 
beams between each level of waling. Struts should be placed 


at convenient points along the walings, the points chosen being 
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Larssen Steel Sheet Piling—Cofferdams (continued) 
governed by the services required in the cofferdam and an 


economical length for waling. 


Waling is designed as a simply supported beam, unless 
continuous over three or more spans. Stresses of 8 tons per 
square inch in bending and 5 tons per square inch in shear are 
recommended. Walings below the second level are all loaded to 
approximately the same amount, and the pressure per foot run 


on each equals wd? x -63 Ibs. (average). 


Struts to support walings should be selected for their 
general stiffness. In a wide cofferdam it may be necessary 
to introduce vertical bracing to form a vertical girder in order 
that struts may receive intermediate support. Broad Flange 
Beams rolled by South Durham Steel and Iron Company Limited 
are excellent members for use both as struts and walings. Care 
should be taken in assessing the load in struts to note whether 
walings are jointed or continuous over the strut as in the latter 


case more load will be imposed. 


Struts and walings should be adequately connected. preferably 
by means of bolts. The various levels of walings are kept in 
position either by tie rods suspended from the top level, or 
supported from ground level by puncheons. It is preferable that 
in large cofferdams, a system of tie rods through an independent 
set of external walings should be adopted and placed just above 
the top level of internal waling. 
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Larssen Steel Sheet Piling—Cofferdams (continued) 


Diagonal bracing between various levels of waling is also 
necessary according to the size and location of the cofferdam. 


The depth of penetration P, of the piling into the subsoil, 
should be great enough to allow an ample margin of safety against 
soil being forced up by external pressure into the working area. 
The passive resistance should be calculated from Bell’s 


formula, and a margin of safety allowed. 


As all large cofferdams have their own peculiar problems. 
it is advisable to seek the advice of the South Durham technical 
staff, the services of which are freely available at all times. 


DESIGN OF COFFERDAMS. 


The tables which follow on pages 63-67 have been prepared with 
the object of facilitating routine design work. The procedure for 
using the tables is outlined below. 


(i) Given the dimensions of the cofferdam, it is possible to 
ascertain the number of walings from Table 2, bearing in mind 


the services required for construction purposes. 


(ii) Space out the walings in accordance with Table 2, which will 
automatically fix the distance from the first waling at water level 
down to the second waling. The second and successive walings 


will all carry equal loads, for similar strut centres. 


(iii) The piling section can be determined from Table 1, corres- 
ponding to the depth from first to second waling but the choice 
of a suitable section may be influenced, especially in deep 
cofferdams, by the ability to handle the piles in one length. 


(iv) The bending moment corresponding to the depth of the 
second waling and various strut centres is given in Table 3, from 
which the correct size of waling, whether of steel or timber, can 
then be selected from Table 5. 
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Larssen Steel Sheet Piling—Cofferdams (continued) 


(v) If timber struts are desirable, these can be selected from 


Table 6, having previously determined from Table 4 the load on the 


struts corresponding to the depth of the second waling. 
Alternatively, steel struts may be used. 


From the foregoing it is obvious that theoretically a variety of 


lay-outs is possible. Should there be any doubt as to the most 
practical and economical solution to any particular problem, 
advice and assistance can be obtained from the South Durham 


design staff on application. 


NOTE TO BE READ IN CONNECTION WITH TABLES. 


The first column in Table 2 gives the required spacing of walings 


in relation to “‘ d” (distance from top waling at water level to 
2nd waling) for equal loadings on each waling. The derived 


spacings assume that the piling is simply supported between the 
walings. Diagrams (A) and (B) are produced to show the difference 


between assuming simply supported and continuous piling. 


DIAGRAM A 


10d 


B.M. Diagram 
for simply supported 
piling 
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DIAGRAM B 
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‘i 
Triple circular cofferdam of Larssen No. 2 Section, forming base for oil b= 
storage tank installation for the Regent Oil Co. Ltd. at Invicta Wharf, 

Point Pleasant, London, S.W.18. Engineers: The Engineering Department, r 
Regent Oil Co. Ltd. Main Contractors: Shellabear, Price, Contractors, Ltd. J 
Piling Sub-contractors: G. Tate & Son, Ltd. ~ 
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CELLULAR CONSTRUCTION. R 
The flexibility in the joints of Larssen Piling permits of a slight te 
deviation from the straight line, without provision of individual 
bent corner piles. It therefore follows that if an equal deviation is R 
made at each joint, ’a circle will be formed. It is necessary to use an R 
even number of piles to make a complete circle and if a deviation we 
of 9° (Note: This has been proved from experience to be a practical it 
angle of deviation) is allowed at each joint a total of 40 piles will 
be required per circle. . 
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Larssen Steel Sheet Piling—Cellular Construction (continued) 


The diameter of the circle is entirely dependent on the section 
of pile selected and, working to the recommended angle of deviation 


of 9, the following table gives the approximate diameter for each 


section of Larssen pile. 


Section of 
Larssen Piling 


1A, 1B, 1 GB, 1U 
27e 2B, 93,001B) 
4A 


The above table is intended only as a guide as the deviation will 
depend upon several other factors such as type of ground, length of 


piles and penetration required. The last column of the table is 


Approximate 
diameter of circle 


16’ 9” 
16’ 9” 
16’ 9” 
[Eur 
W7e 
18’ 10” 


Approx. (max.) 
Driving Length 


20’ 0” 
30’ 0” 
50’ 0” 
50’ 0” 
50’ 0” 
30’ 0” 


intended as an indication of the approximate length of pile 


recommended for use in each case. 


Smaller diameters can be obtained if individual bent corners are 


introduced. 


On the site it is necessary to pitch, and complete the whole circle 


before driving. Driving is then carried out in stages, i.e. each pile 


is partially driven as the hammer works its way several times 


around the circumference. 
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RETAINING WALLS. 


Retaining walls of Larssen piling can generally be grouped 


under two headings: 


(1) Retaining walls without anchorage. 


(2) Retaining walls with anchorage. 


In retaining walls without anchorage the piling acts as a 
cantilever and the stability of the wall depends on the development 
of the passive pressure at the foot of the wall due to 
penetration, being able to resist the pressure exerted by the 
retained earth. This kind of retaining wall is only suitable 


when the height of earth to be retained is small. 


In retaining walls with tied anchorage the piling acts as a 
propped cantilever in the case of a fixed earth support, and as 
a simple beam in the case of a free earth support. The anchored 
retaining wall has the advantage of requiring less penetration 
than a cantilever wall. The fixed earth condition is 
preferable in anchored walls and this will be described in the 


section on Anchored Sheet Piling. 


EARTH PRESSURES. 


The earth pressure acting on a retaining wall is commonly 
calculated from Bell’s formula, which neglects friction between 
the earth and the wall. Bell’s theory is based upon the 
angle of internal friction and cohesion of the material. In all 


cases a |’ 0” length of wall is considered. 
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Larssen Steel Sheet Piling—Retaining Walls (continued) 


The active earth pressure from the retained earth 


= p, =w.h.tan? (45 ) — 2.C.tan (45 = 5) 


The passive earth pressure at the foot of the wall 


mate a npihquedl aeeale \n ; _¢ 
=p, = wiht (45 +$ ) 4+2.Ctan (45 fl Al 


Where p, and p, = intensity of earth pressure in lbs. per square foot 


w = density of earth in Ibs. per cubic foot 
¢ = angle of internal friction in degrees 
h = height in feet under consideration 
€ = cohesion in lbs. per square foot. 
The terms tan? (45 — ‘ Jana tan? (45 + e) can be more 


conveniently referred to as k,,, coefficient of active pressure 
and k,, coefiicient of passive pressure respectively. 
Hence— p, = w.h.k, — 2.C Vk, and p, = w.h.k, + 2.C y‘k, 


ie) 
It is sufficiently accurate to assume hydrostatic variation zy 
in these pressures, although this kind of distribution is not S32 
quite true for a flexible sheet pile wall. ES 
cs 


SUPERIMPOSED LOAD. 
The lateral thrust due to a uniformly distributed superimposed 
load (W,) behind a vertical wall is given by: 


Ws 
Pq = w.h,.k, — 2.C 4/k, where h, = rae 


BEARING 
PILES 


PROPERTIES OF VARIOUS SOILS 


Density w Angle of Internal Cohesion 
Material Ibs./ft.3 Friction @ Ib. /ft.? wf 
ag 
Gravel and Sand... ... ‘110 30—35¢ 0 2e 
Compact Earth (Dry) - 90 35—40° 0 Za 
5 » (Damp) 100 40—45° 0 fo) 2 
Silt ,, = oes a 110 10—30° Under 375 aus 
Clay—Soft te tee 110 0 375—750 
Firm $5 ae 110 (0) 750—1,500 
Stiff a = 120 0 1,500—3,000 
Sandy Clay a eee 110 5—I15° 1,000 
Peat (Damp) ave ds 70 20—40° 0 
x 
Ww 
7I 3 


Larssen Steet Sheet Piling—Retaining Walls (continued) 


TABLE OF COEFFICIENTS. 


Angle ka kp 

ale wis 0-840 1-19 
10° ois oe 0-704 1-42 
[5? sss oe 0-589 1-70 
20° sine # 0-490 2-04 
25° eae a 0-406 2-46 
30° or ie 0-333 3-00 
35 ae ata 0-271 3-69 
40° aes ise 0-217 4-60 
45° axe ie 0-172 5-83 


EFFECT OF WALL FRICTION. 


As previously mentioned, Bell’s formula neglects the 
effect of the wall friction. The frictional effects of the earth 
acting upon the wall depend upon the dryness of the soil and 
the smoothness of the wall. Usually, when calculating the 
active pressure, wall friction can be ignored without risk of 
serious error. However, the effect of wall friction tends to 
increase very considerably the resistance of the passive forces 
and therefore it is generally permissible to increase the passive 
pressures as derived by Bell’s formula. This increase should 
be from 1-5 to 2-0 times the amount previously stated, provided 
the angle of internal friction “ 4” is not less than 25°. When 
dealing with waterlogged ground, or soils having an angle of 
internal friction less than 25° the increased values of Bell’s 
formula should not be used. Where retained earth is liable to 
become fully waterlogged or buoyant the sheet piling should be 
designed to resist the full hydrostatic pressure in addition to 


the earth pressure. 
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Larssen Steel Sheet Piling—Retaining Walls (continued) 


The active earth pressure for submerged earth is given by the 
following expression: 


Pa = [w - (x) 62:5 ]iuh 


where v = percentage of voids in the soil 
other terms having the usual meaning. 


In the absence of more definite information, ‘* v’ may be taken 
as 40°,. 


DESIGN OF SHEET PILING RETAINING WALLS. 
(1) Cantilever Sheet Piling. 


Larssen Steel 
Sheet Piling > x 


FIGURE |. Simplified Pressure Diagram 


B.B1. represents the active D.D1. represents the nett 
pressure at B. passive pressure at D. 


The stability of the cantilever wall depends upon the resistance 
of the earth into which it is driven. Fig. 1 indicates the forces 
acting on the wall. 

These are 

FI (representing area A.O.B1.) the total nett active pressure 

on the wall. 

F2 (representing area O.C.CI.) the total nett passive pressure 

on the wall. 

F3 (representing area C.D.D2.) the total nett passive pressure 


required to fix the toe of the wall 


73 


BEARING 
PILES 


FORMULAE 
AND TABLES 


INDEX 


Larssen Steel Sheet Piling—Retaining Walls (continued) 
B.BIl. = wHk, — 2.C-/k, 


D.DI. = [wPk, + 2.C/k,] — [w (H + P) k, — 2.CVk, | 


D.D2. = [w (P + H) k, + 2.CVk,] — [w.P.k, — 2.CVk, | 


The k, values in the expressions for D.DI and D.D2 may be 


multiplied by a factor “* K ” having a value of 1-5 to 2-0, 
according to the angle of internal friction. The point O occurs 
where the passive resistance on the left of the wall is equal to the 
active earth pressure on the right of the wall and is best 
determined by plotting the nett pressure diagram. 


Forces Fl, F2 and F3 are assumed as acting at the centres of 


pressure of the areas they represent. Moments of the active and 
passive pressures must balance about the toe of the wall 
and forces Fl, F2 and F3 must also balance. To satisfy these 


conditions, the penetration is best determined by trial and error. 


The bending moment in the piling can be found by taking 
moments about the level of zero shear of that part of the 
pressure diagram above this level. Fig. 2 and the adjacent table 
set out a simplified procedure when dealing with uniform 


cohesionless soils. 
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Larssen Steel Sheet Piling—Retaining Walls (continued) 


——o 
fo} Penetration Distance y 
xz 
Fl 20° 20H 10H 
co oe SIE 30° 13H 05H 
5 
c i = 
s —_— 35° 10H 0-4H 
Fs ° 
2 45° 08H 03H 
e 
————— 


FIGURE 2. Triangular Distribution of Active Pressure 


The pressure diagrams shown here assume uniform soils. 
When these become non-uniform, e.g. several strata of soils with 
different properties, the same basic principles apply but 
since the pressure diagrams will no longer be a series of uniform 
triangles, the problem becomes more complex. It should 


be appreciated that this is usually the case in practice. 


(2) Anchored Sheet Piling (Fixed Earth Support) 

Anchored sheet piling does not depend entirely on the develop- 
ment of large passive pressures for stability as in the case of 
cantilever piling. Consequently some reduction in penetration is 
possible, or for a given piling section the height of retained earth 


could be increased. 
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Larssen Steel Sheet Piling—Retaining Walls (continued) 


A 
i Tie rod Tre rod | 
Es, . 
Anchor Force 
per foot of wall Anchor block 
Acuve pressure FA 
J+— Larssen Stecl Sheet Piling —— 
ig 
| 
g 
le 
F3 
| 
Y Sel. = 


FIGURE 3. Simplified Pressure Diagram for Fixed Earth Support. 


It is usual when designing anchored sheet piling to assume 


no movement of the anchor block and hence the piling can be 


designed as an “ equivalent beam ” of span L, supporting the load 


due to the active earth pressure. 


The earth pressures are plotted as shown on Fig. 3 and must 
be so arranged that the following conditions are fulfilled: 
(a) The total moment of force FI and the anchor force 


about O must be zero. 
(b) The total moment of force F2 and F3 about O 
must be zero. 
(c) The forces Fl, F2 and F3 and the anchor force 
must balance. 
When dealing with cohesive soils the correct penetration to 
fulfil these conditions is best determined by trial and error. 


76 


02 


ied 


Ta 


( 


Larssen Steel Sheet Piling—Retaining Walls (continued) 


The depth of penetration of the anchored sheet piling in 


cohesionless soil is given by the following formulae: 


P (Penetration for fixed earth support) 


= [7+ $82] 


where K = a factor, which is usually— 
1-1 for angle ¢ greater than 25°. 
1-2 for angle ¢ less than 25°. 


y= Depth to line of support, see Fig. 3. 
F2 = Total nett passive resistance of the earth. 


Ro = “ equivalent beam” reaction at O. 


The maximum B.M. 


FIX L 

— where F1 is the total active pressure, 

8 assumed uniformly distributed over the 
“equivalent beam” span L 


The force in the tie rod is found by taking moments above the 


point O. The position of point O is determined as for a 


cantilever wall. 


It is possible to reduce the maximum bending on piling 
retaining cohesionless soil by about 30°% due to the arching 
action of the retained earth. However, this redistribution of 
moment causes an extra pull in the tie rod and it is good practice 
for the tie rod to be designed to cater for this additional pull. A 
further pull of say from 10°, to 20°% would not be considered 
unreasonable. A stress in the tie rod of 7 tons per sq. inch, 
and in the piling of 8 tons per sq. inch, is recommended. 
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Larssen Steel Sheet Piling—Retaining Walls (continued) 
WALINGS. 

Tie rods are fastened to walings which are connected to the 
top of the sheet piling. The walings are designed as simply 
supported beams spanning between the tie rods and supporting a 
uniformly distributed load equal to the force in the tie rod. 

The spacing of the tie rods is governed somewhat by the amount 
of excavation that is required to instal the anchorages. If the tie 
rods are spaced far apart a heavy section for the waling will be 


required. 


Where more than one set of walings and tie rods are used, 
that is, in cases where the bank of retained earth is very large, 
the piling should be designed between successive walings taking 


due account of the continuity provided. 


DESIGN OF ANCHORAGE. 


Larssen Steel 
Sheet Piling 
_— 


FIGURE 4 


P For fixed earth support 


2 
a 


The anchorage may be constructed 
in concrete or formed out of a 


group of steel piles. 
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Larssen Steel Sheet Piling—Retaining Walls (continued) 


Fig. 4 is constructed to give some guidance in the positioning 


of the anchorage block. The block should preferably be contained 


in the area bounded by the line drawn through angle ¢ Where it is 


intersected by the line drawn at right angles to the plane of 


rupture. 


According to Bell’s formula the nett passive resistance of 
the earth in front of the block is given by 

Py» = [w-h.k, + 2.C\/k,] — [w.h.k, — 2.C-V/k,] Ib/sq. ft. 
of anchorage where ‘“‘ hh” is taken as being the depth to the 


centre of the anchor block. 


The total earth resistance is found by multiplying the above 
expression by the area of the block. This resistance should be 
in excess of the force in the tie rod to allow a good factor of 


safety. 


It is essential that the tie rods must be securely connected 


to both the piling and the anchorage. With long rods, a turnbuckle 


should be used to give the necessary adjustment to avoid forward 


creep of the wall during back filling. 
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Larssen Steel Sheet Piling—Retaining Walls (continued) 


TIE RODS. 
Standard Whitworth Screw Threads. 
Safe Load on net area at 7 tons sq. in. 
Gross 
Diameter Area 
sq. inches 
Gea 442 
ee “601 
IP ssi 785 
DP ws 994 
| In”. 1-227 
13"... 1-485 
Le” axe 1-767 
a_ 2-074 
i err 2-405 
Ig” ow. 2-761 
DF ses 3-142 
| 2 ase 3-976 
| Pp) re 4-909 
Be aes 5-940 
ne 7-069 
By”. 8-296 
3H". 9-621 
33”. 11-045 
4. 12-566 


If a higher stress than 7 tons per sq. inch is desired, the safe load is directly 


proportional to the stress chosen. 
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Area under 
Thread 
sq. inches 


304 
422 
554 
697 
894 
1-060 
1-300 
1-518 
1-753 
2-015 
2311 
2-925 
3-732 
4-464 
5-450 
6-406 
7-577 
8-660 
10-030 


Safe 
Load 
in tons 
212 
2-95 
3-88 
4-88 
6-25 
7-42 
9:10 
10-60 
12:30 
14-10 
16-20 
20-50 
26-10 
31-20 
38-20 
44-90 
53-00 
60-60 
70-20 


aia 


BEARING PILES. 


FUNCTION. 

The function of a bearing pile is to transmit the load, 
normally applied at the pile cap, to a stratum of material 
capable of supporting it without detrimental settlement over 


a long period of time. 


CLASSIFICATION. 
Piles may be classified by the manner in which they support 


the load. Piles which: 


(a) Act as a column passing through a weak material to 


a solid bearing stratum. 


(b) Support the load by friction between the surfaces of 


the pile and the surrounding material. 


(c) Transmit the load through weak material and support 
it by friction between the surfaces of the lower 
length of the pile and the stronger surrounding 


material. 


BEARING CAPACITY OF PILES. 

It would appear from experience in driving piles through 
deep layers of muds, silts and soft clays that no general rule 
for the bearing capacity of piles can be safely applied. Some 
will carry the load without showing undue settlement but others 
are not so satisfactory. 
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Larssen Steel Sheet Piling—Bearing Piles (continued) 


The minimum length of friction piles should be at least equal 
to the width of structure they support unless they penetrate to 


a compact material. 


There is often a considerable difference between the 
behaviour of a single pile and a group of piles and in designing 
a pile foundation it is not always sufficient to multiply the 
calculated load for a single pile by the total number of the piles 


in a group. 


To prevent any risk of error, test piles should be driven and a 
complete soil mechanic investigation of the material and strata 
undertaken in order that the most suitable type of foundation 


may be chosen and designed. 


If possible, the test load should be applied to several piles, 
say four, and the remaining piles driven to the same level as 
the test piles. The test load should be applied for a reasonable 
length of time in order that the material through which the piles 


are driven can adjust itself to the new conditions. 


RESISTANCE OF BEARING PILES. 
To find the resistance developed by the ground, formulae may 
be used or loading tests may be carried out. Loading tests give 


more reliable results but take time and are necessarily expensive. 


There are many pile formulae in existence but the most 
rational and widely used is the Hiley formula. It is based on 
the laws governing impact of elastic bodies. Its limitation lies in 


calculating the resistance of piles in silts, muds and soft clays. 
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Larssen Steel Sheet Piling—Bearing Piles (continued) 


Much better comparison between calculated and actual bearing 
capacity is obtained by this formula in compact soils and gravels 


and under these conditions it gives reliable results. 


Re-driving the piles after a period of rest of not less than 12 


hours will give an indication of the reliability of the formula. 


If there is a marked difference between the set, or penetration 
of the pile per blow, for the first few blows when driving is 
re-commenced and the set for the last few blows when the pile 
was originally driven, the material is likely to alter its resistance 


with time and therefore the dynamic formula is not suitable. 


When the nature of the ground is in doubt test piles should be 
driven and loaded. 


Test loads of short duration are not recommended as they may 
give a wrong indication of the ultimate settlement when the piles 


are supporting their working load. 


TEMPORARY COMPRESSION. 
The value of temporary compression should be obtained when 


about 3 the length of the pile has been driven by fixing a card to the 


pile near the head, erecting a fevenene 


of pencil ——> 


trestle on the ground, well clear of 


the pile so as to avoid any ground 


movement, and drawing a pencil 
across a straight edge positioned s°0 
near the card, during a blow. This 
should be done for the last blow 


fy Temporary 


for each foot of penetration until pompresion 
“ Set per blow 
the pile meets refusal. 
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Larssen Steel Sheet Piling—Bearing Piles (continued) 


Where 


n 


THE HILEY FORMULA. 


7 Wh 
C 
oo? 


Ultimate resistance of ground, in tons. 


Weight of pile + driving cap, anvil. helmet or 
any other dead weight moving with pile, in tons. 


Weight of hammer, ram or any other appliance 
delivering blow, in tons. 


Coefficient of restitution. 


- Efficiency of hammer blow, which depends upon 


the nature of the material. the coefficient of 


— ne, 
restitution and the ratio Ww 


Where the pile is driven into penetrable ground 
W + Pe® 
w+ P 
Where the pile is driven to refusal 
W +. 0-5 Pe? 
W + 05P 
Actual stroke of hammer or ram, in inches. 
Equivalent height of free fall of ram. 
“1-0 H For drop hammer released by trigger. 
0-9 H For single acting steam hammer. 
0-8 H For winch-operated drop hammer 
actuated by wire rope. 
H (W + a.m.) 


Ww where, 


a Area of piston in sq. inches. 


| m = mean effective pressure in 
\ tons per square inch. 


Set per hammer blow, i.e. penetration of pile 
per blow, in inches. 


= Temporary compression of pile per hammer blow. 


Factor of safety. 
Total resistance of ground — R + W + P 
F 


Safe working load on pile — Re P 
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Larssen Steel Sheet Piling—Bearing Piles (continued) 


TABLE I. 
EFFICIENCY OF BLOW. 


Case I, Double acting hammers 
driving steel piles without 
helmet. 


Case II, Single acting hammers and 
drop hammers driving steel 


box piles with helmet and 
short dolly. 


P Weight of pile + anvil, etc. 


WwW Weight of hammer or ram 


TABLE IL. 


TEMPORARY COMPRESSIONS IN INCHES 
FOR STEEL PILES. 


W + Pe® 
7) 
W + P 
oe ot Case | 
Ww e=0:55 
$ 0-75 
I 0-63 
Ik 0-55 
2 0-50 
24 0-45 
3 0-42 
4 0-36 
5 0-31 
6 0-27 
Length of 
pileinfeet Col. I 
20 0-22 
30 0-28 
40 0-34 
50 0-40 
60 0-46 
70 0-52 
80 0-58 
90 0-64 
100 0-70 


Col. Il 


0-29 


0-41 


0-53 


0-65 


0:77 


0-89 


1-01 


1-13 


1-25 


When piles are driven down to 
solid rock or very hard material 
no allowance for temporary 
compression need be made. 


MEDIUM DRIVING. 

Col. | is for driving resistances 
of 1,000 Ibs. per sq. in. on total 
cross sectional area and 15,000 
Ibs. per sq. in. on cross sectional 
area of steel for open ended piles. 


HARD DRIVING. 

Col. Il is for driving resistances 

of 2.000 Ibs. per sq. in. on total 
cross sectional area and 30,000 Ibs. 
per sq. in. on cross sectional 

area of steel for open ended piles. 
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Larssen Steel Sheet Piling—Bearing Piles (continued) 


Example: 
A 60’ 0” long Larssen box pile No. B.P.5 section is to be 
driven open ended through permeable material to hard compact 
| sand. It is required to find the safe load the pile is capable 
of carrying with a factor of safety of 2 when the estimated final 


penetration is 1” for the last 10 blows using a 3 ton drop hammer. 


Weight of pile and driving cap, P = 3-6" + 0-4" = 4 tons 
Weight of hammer, W = 3 tons 
Free fall of hammer, h = 48 ins. 


Penetration, S = ,\, = 0-1 inch 


Efficiency of blow 7 from Table I. 


1:33, 7 = 0-49 


Temporary compression, from Table II. 


| C = 0-46 


Ultimate resistance of ground. 


7 Wh _ 0-49 » 3 « 48 


g4f 1 +023 
= 


R= 214 tons 


Total resistance of ground. 


R,=R+W+P= 214 +3 +4 = 221 tons 


Di 
Safe load = = — 4 = 106-5 tons 
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As 


inch = 
foot = 
yard = 
furlong = 
mile = 


sq.inch = 
sq. foot = 
sq. yard = 
acre = 


a er er er 


sq. mile = 


1 cubic inch= 
1 cubic foot = 


1 cubic yard= 


1 pint = 
1 quart = 
1 gallon = 


l pound = 


me 
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THE METRIC SYSTEM. 
Linear Measure. 


25-400 millimetres 1 millimetre 
0-3048 metre 
0-9144 metre 
201-168 metres 


1-6093 kilometres 


1 centimetre 
1 metre 


1 kilometre 


Square Measures. 


6-4516 sq. cm. 1 sq. cm. 
9-2903 sq. dm. ‘Fea 
0-8361 sq. m. 

0-4047 hectare 1 are 
259-00 hectares 1 hectare 


Cubic Measurement. 


16-387 cubic cm. 1 cubic cm. 
0-0283 cubic m. 1 cubic an. 
1 cubic m. 


0-7646 cubic m. 


Measure of Capacity. 


0-568 litre 1 centilitre 
1-136 litres 1 decilitre 
4-546 litres 1 litre 
Weight. 

28-350 grammes 1 gramme 
0-4536 kilogram , 

1 kil 
1-016 tonnes ae 
1,016 kilograms 1 tonne 
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0-03937 inch 
0:3937 inch 
(3-2808 feet 


~ |1-0936 yards 


ll 


0-6214 mile 


0-1550 sq. in. 
10-7639 sq. ft. 
trae sq. yds. 
119-6 sq. yds. 
2-4711 acres 


0:0610 cubic in. 

61-024 cubic ins. 

35-3147 cu. ft. 
iets cu. yds. 


0-07 gill 
0-176 pint 
1-7598 pints 


0-0353 oz. 
2:2046 lbs. 
0-9842 ton 
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CONVERSION FACTORS AND CONSTANTS. 


Modulus of Section in cm. units 
Moment of Inertia in cm. units 


Modulus of Section in cm. units 
per metre 


Cubic yard 


Kilogram per lineal metre 


Kilogram per sq. cm. 


Kilogram per sq. mm. 


Kilogram per sq. metre 


Foot pound 


H.P. (English) 


Atmosphere 


Radian 

Value of “* g” at London 
Absolute temperature 

1 United States gallon 

1 cubic foot of fresh water .. 


Head of fresh water in ft. 
x 0-433 


Head of sea water in ft. 
x 0-444 


1 cubic foot of sea water 


1 Ib. water evaporated at 212° F. 


1 Imperial bushel 
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16-3871 modulus in inch units 
41-6231 x moment in inch units 


53-763 x modulus of section in 
inch units per foot 


0-7645 cubic metres. 

0-6720 pounds per lineal foot 
14-223 pounds per sq. inch 
0-6350 tons per sq. inch 
0-2048 pounds per sq. ft. 
0-1383 kilogrammetres 


0-746 kilowatts = 33,000 foot- 
Ibs. per minute 


14-7 Ibs. per sq. inch 

57-3 degrees 

32:18 feet per second per second 
— 273°C. 

0-83 British gallon 

6-24 British gallons 


Pressure in Ibs. per sq. inch 


Pressure in Ibs. per sq. inch 
64 Ibs. = -0286 tons 


1-180 British Thermal Units. 
124,200 kg.m. = 887,800 ft. Ibs. 


1-2843 cu. ft. 
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WEIGHT AND STRENGTH OF TIMBER. 


Ultimate Strength 


>) 


a» 


Weight tons per sq. inch Modulus of 
Name per Elasticity 
cu. ft. Tencion Compression tons/sq. in. 
(with grain) 
Ibs. 
Ash 48 45 4 700 
English Elm 35 27 3) 700 
Canadian Elm 45 4 4 700 
Spruce 30 2 3 500 
Larch 35 4 3 500 
Oak 55 5:5 45 700 
Beech 48 5 3-8 600 
Pitch Pine 45 3 3 800 
Yellow Pine 30 | 2 650 
Red Pine 34 I 2 600 
Greenheart 70 6 8 500 ! 
Hickory 50 3 4 800 | 
Lignum Vitae 78 6 8 800 
Bamboo 20 3 5 900 
Ironwood ... 50 6 8 800 
Blue Gum 74 Zé 3-5 — 
Teak 45 2 4 800 
Sabicu 57 2-5 4 1,100 
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Th 7h 
8" % 2e" 
8” x 3 


8” x 4” 


CUBIC FEET PER FOOT RUN. 


Cub. ft. 


0-0156 
0-0417 
0-0556 
0-0833 
ONT 
0-1406 
0-0868 
0-1042 
0-1736 
0-2100 
0-0834 
0-1250 
0-1667 
0-2292 
0-2500 
0-1458 
0-3402 
0-3646 
0-3906 
0-1389 
0-1667 
0-2222 
0-3055 
0-3334 


0-4167 


Cub. ft. 


0-4445 
0-4722 
0-4427 
0-1875 
0-3750 
0-5312 
0-5625 
0-7500 
0-6597 
0-6944 
0-7291 
0-6927 
0-3055 
0-802! 
0-8403 
0-8785 
0-8385 
0-9183 
0-2500 
0-5000 
0-9583 
1-0000 
1-0417 
0-9983 


1-1285 


Size 
13” x13’ 
13” « 134” 
133" « 134 
14” x14 
14” «144 
145”. 143” 
15” 143” 
15° xI5 
154” x 143) 
154” « 155" 
16” 8 
§6" 362 
16” x 153 
16” = 16” 
16g” « 164 
18” 6 
18” 9 
18” 12’ 
18” «17 
18” « 18” 
18” 19" 
20” « 19" 
20” =~ 20" 
20° +2iI 
24° » 24" 


Cub. ft. 


1-1735 
1-2187 
1-2656 
1-3612 
1-4097 
1-4600 
1-5104 
1-5625 
1-5608 
1-6685 
0-8889 
1-3333 
1-7222 
1-7777 
1-8906 
0-7500 
1-1250 
1-5000 
2-1251 
2-2500 
2-3750 
2-6389 
2-7779 
2-9167 
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Type 


Cantilever 


Freely 
Supported 


One end 
fixed, 
other end 
freely 
supported 


Both 
Ends 
Fixed 


BENDING MOMENTS IN BEAMS. 


Maximum 


: Maximum 
Total Load W Bending Deflection 
Moment 
Concentrated at WL WLS 
End 3El 
Uniformly WL WL 
Distributed 2 BEI 
Concentrated at WL WLS 
Centre 4 48El 
Uniformly WL 5WL? 
Distributed 8 384EI 


Varying uniformly 
from zero at one 3 
end toa maximum 0-128WL 0-013 —— 


El 
at other end 
Concentrated at 3 WL WL? 
Centre 16 000932 El 
Uniformly WL WL? 
Ta 0-0054 —— 
Distributed 8 El 
Concentrated at WL WL? 
Centre 8 192EI 
Uniformly WL WL* 
Distributed 12 384El 
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PROPERTIES OF SECTIONS. 


Section 


\* 


Moment of Inertia 


BD* 


zD! 


Section Modulus 


= 
x Be = (D'-d') x (D'-d') 
64 32D 
i 
8 
: 
J x TE x ol BD*— (B-b)d* BD" (B-b)d* 
| 12 6D 
4 
a 24 
‘he ab 
° BD pe 
+ a 36 24 
é 
ri t 
a 
ae 
7 
eal 
| | B (D*-d3) B (D'-d") 
—— “a 
+ 
b_*__| 
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MENSURATION OF PLANE SURFACES. 


Figure Description 


Circle 


Triangle 


T 
Voit 
= | ue Trapezoid 
| T or 
| | | { Parallelogram 
Circular Arc 


Circular 
Sector 


Circular 
Segment 


Ellipse 


| Parabolic 
oes Segment 
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Distance y to 


Area: Centre of 
Gravity 
0-7854 D* At centre 
iy 
3! 
$bh at intersection 
of median 
lines 
A h (2a + b) 
z(a+b)h — 
z (a+b) 3 (a4) 
= Br 
dar 2br 
‘ 3a 
FF (rh) S 
22 12 x Area 
3-1416 ab At centre 
2 
=bh = 
5 h 
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MENSURATION OF SOLIDS. 


Surface A 
Description or 
Volume V 
A = 3-1416 D* 
mpnere V — 0-5236 D3 
Curved Surface 
Cylinder A = 3-1416 Dh 
V = 0-7854 D*h 
Pyramid V=4Ah 
Curved Surface 
A = 0-7854D x 
Cone \ 4h? + D? 
V = 0-2618 D*h 
bh 
Wedge Vv e (2a + c) 
Total Surface 
Spherical A 3-14l6ér ~ 
Sector (2h + 4b) 
V = 2-0944 rh 
Spherical Surface 
Spherical A = 6-2832 rh 
Segment V = 1-0472 h? » 
(3r-h) 
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Distance y to 


— above b; 
ase 


5 above base 


Centre of 
Gravity 


At centre 


At centre 
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Active pressure, triangular distribution 
Anchored Sheet Piling . 
Anchored Sheet Piling, design of anchorage 
Atlantes high tensile rust-resisting steel 


B 

Bearing piles , 
capacity 
classification 
function 
resistance 


Bending i tenants diagrams for etetae 
Bending moments, beams 
Bending moments, second and lower walings 
Box Piles, weights and properties 
carrying capacity .. 

8 + construction 

rr » driving 

8 » durability and adaptability 


c 


Carfleco-Norcorr copper-bearing steel 
Cantilever sheet piling 

Cellular Construction 

Closed corners . . 

Cofferdams 


benditie-te moment — 


examples (number of piles required) . 


5 tables 
Conversion factors and constants 
Corner Piles — arrangement .. 
— general notes. 
— standard 90° corners 


— standard 90° corners for Section 10A 


” 
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Corner Piles — obtuse and acute corners. -- 40 
— obtuse and acute corners for Section 10A” 42 
” + — Weights 43 
Corrosion, rate of ; 50 
Cross walls _ - sit ss ite -- 42, 56 
Cubic feet per foot run - 94 
Cutting and Welding underwater -- 23 es) 2y 45 
D 
Density and angle of internal friction—various materials 71 
Dimensions of standard 90° corners ma oe ats 39 


Driving, efficiency of blow 


Driving, temporary compression 83, 85 
Durability of Larssen structures + a - ae 50 
E 

Earth pressures : en 
Effect of wall friction . . 2 7? 
Effective life of Larssen sections — ; a 
Estimates and orders, Larssen piling tess -- 52-56 
F 

Fishplates 45 
Friction, internal, various materials 
Friction piles, length am 
Friction, wall, effect of = 
H 

* {72 

Hiley formula 82-84 
I 

Inches in decimals of a foot -. ne . . os 88 
Interlocking, linear feet covered. various sections . . ts 17-21 
Interlocking sections .. aes oi sa ae 14 
Interlocking, weight in tons, various sections ais «. 22-35 
Internal friction a Pe a _ ne ee 71 
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J 
Junction Piles — arrangement 
— general notes 
— standard junctions. . 


— standard junctions for Section 10A 


— weights 


L 
Linear feet covered when interlocked 


M 


Mensuration of plane surfaces 
Mensuration of solids 
Metric System 


N 
Natural trigonometrical functions 


oO 
Open corners 


Orders and Estimates, ‘Larssen, piling 


P 


Plane surfaces, mensuration .. 
Pressures, earth 
Properties of box piles 


, Larssen sheet piling 
. sections .. 


55 , single piles 
Protection 
Puncheons 


Q 


Qualities of steel, Larssen piling 


R 

Rankine formula 

Rankine, formula, table of coefficients 
Rate of corrosion és 
Recommended working stresses 
Retaining walls ws ou 
anchored sheet piling 
3s » cantilever sheet piling 
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Reversed corners 

Rivet pitches in corner piles and junctions os 
Rivet sizes, 28 

Rolling margins 


S 

Sections, interlocking . hi 

Sections (Larssen), weights and properties 88 
Sections, properties of 

Single piles, properties of 

Sluice Gates : 

Solids, mensuration of 

Structures (Larssen), durability 


Struts 


,, _ timber, safe loads 
Superimposed Load 


zi 


Tapered piles 

Technical advice and assistance 

Temporary compression, measurement 
medium driving .. 
hard driving 


” 


Test piles 

Tie rods ‘ 

Tie rods, safe loads 

Timber, weight and strength be 


WwW 
Walings : a 2 
bending moment on 

maximum depths, first to second 
positions of second and successive 
spacings 

spacings, diagram 

strength of 

Wall friction, effect of ‘ 
Weights and properties, Larssen sheet piling 
Weights and properties, box piles 

Weight and strength of materials 

Weights of standard 90° corners and junctions 


Weight in tons when interlocked, various sections 
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connected to second and lower walings. loads 
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SOUTH DURHAM 
STEEL & IRON COMPANY 


LIMITED 


(Incorporating Cargo Fleet Iron Company Limited) 


CENTRAL SALES OFFICE : 
G.P.O. BOX 16, CARGO FLEET IRON WORKS 
MIDDLESBROUGH, YORKS., ENGLAND. 


Telephone: Middlesbrough 46311 (13 lines) 
Telex: 58551 
Telegrams and Cables: “* Soudurham,” Middlesbrough, Telex. 


WORKS : 
MIDDLESBROUGH, WEST HARTLEPOOL, GREATHAM, 
STOCKTON -ON-TEES AND LONDON 
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LONDON 


DISTRICT OFFICES : 


Shell-Mex House, Strand, W.C.2 
Telephone: Covent Garden 1181-2-3-4-5-6 
Telex: 22480 

Telegrams: ** Soudurham,” London, Telex. 


LONDON STOCKYARD AND 
CONSTRUCTIONAL DEPARTMENT 


BIRMINGHAM 


NOTTINGHAM 


LEEDS 


MANCHESTER 


Cargo Fleet Wharf, West Ferry Road, Poplar, E.14 
Telephone: East 5876-7 and 2302 
Telegrams: “* Soudurham,” Phone. London 


58 Exchange Buildings, 2 
Telephone: Midland 2548-9 
Telegrams: * Soudurham,” Phone, Birmingham 


Century Insurance Buildings, Milton Street 
Telephone: Nottingham 42734 
Telegrams: * Soudurham,” Phone, Nottingham 


North British Buildings, East Parade, | 
Telephone: Leeds 28736 and 22041 
Telegrams: “ Soudurham,” Phone, Leeds 


Midland Bank House, Cross Street. 2 
Telephone: Blackfriars 3647-8 
Telegrams: “* Soudurham,” Phone, Manchester 


NEWCASTLE UPON TYNE 


GLASGOW 


Rochester Chambers, 26 Collingwood Street. 1 
Telephone: Newcastle 21867 and 24832 
Telegrams: ** Soudurham,” Phone, Newcastle 


68 Bath Street, Glasgow, C.2 
Telephone: Douglas 1880 
Telegrams: ** Soudurham,”’ Phone, Glasgow 


OVERSEAS AGENCIES THROUGHOUT THE WORLD 
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SOUTH DURHAM 
STEEL & IRON COMPANY 


LIMITED 


(Incorporating Cargo Fleet Iron Company Limited) 


PRINCIPAL PRODUCTS OF THE COMPANY 


CARGO FLEET IRON WORKS, MIDDLESBROUGH 


STEEL RAILS AND FISHPLATES, JOISTS AND SECTIONS 
BROAD FLANGE BEAMS WITH PARALLEL FLANGES 
UNIVERSAL BEAMS, COLUMNS AND BEARING PILES 
LARSSEN STEEL PILING 


* RENDHEX * FOUNDATION COLUMNS 


‘NORTH’ WORKS, WEST HARTLEPOOL 
‘SOUTH’ WORKS, GREATHAM 


MILD STEEL PLATES (Tank, Ship and Boiler) 

HIGH TENSILE STEEL PLATES 

DURBAR NON-SLIP RAISED PATTERN FLOOR PLATES 
ADMIRALTY CHEQUERED PATTERN FLOOR PLATES 


MALLEABLE WORKS, STOCKTON-ON-TEES 


STEEL PIPES (From 16” up to 96” diameter and up to 
40 feet in length) 
STRUCTURAL STEELWORK 
WELDED STEEL TANKS AND PRESSURE VESSELS 
WELDED FABRICATIONS 
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